What is known and objective: Important risk factors and over-the-counter (OTC) dispensing of non-steroidal anti-inflammatory drugs (NSAIDs) are often not routinely recorded in electronic health records. This study aimed to assess the impact of patient's reports on these factors on the risk of acute myocardial infarction (AMI) for NSAID use.
| WHAT IS K NOWN AND OBJEC TIVE S
Previous studies demonstrated that individuals taking non-steroidal anti-inflammatory drugs (NSAIDs) have an increased risk of cardiovascular (CV) adverse events compared to either non-users or past users. 1,2 Both conventional NSAIDs and selective cyclooxygenase-2 (COX-2) inhibitors increase the risk of stroke and CV death. 3 The latter drugs are also associated with an increased risk of acute myocardial infarction (AMI). 3, 4 Several observational studies utilize databases containing prescription data from general practices, dispensing data from pharmacy records or claims data from the health insurance companies to assess the association between NSAIDs and the risk of CV toxicity. [5] [6] [7] Although these databases routinely collect information on age, sex, medication use and comorbidities, they often do not record over-the-counter (OTC) NSAID use. 8, 9 As a consequence, estimating the actual NSAID use is difficult and then might cause an exposure misclassification. Furthermore, these databases often do not either have information on important risk factors for CV diseases such as lifestyle factors (smoking, alcohol use and physical activity), body mass index (BMI) and familial history of CV diseases. 10 When these potential confounders are not taken into account, risk estimates for the association between NSAIDs and CV toxicity might be less accurate. To complement information on these confounding factors, patient's self-reports could be utilized.
Our objectives were as follows: to assess the impact of adjustment for additional potential confounders collected from patient's reports on the risks of AMI associated with either selective COX-2 inhibitors or conventional NSAIDs compared to non-use; and to evaluate the effect of integrating OTC NSAID use collected from patient's report to pharmacy record on this association.
| ME THODS

| Design and data sources
We used The Utrecht Cardiovascular Pharmacogenetics (UCP) study. This nested case-control study consisted of a cohort of The UCP study was initially aimed to evaluate the interaction between patients' genetic profile and CV drug use on the risk of AMI.
The eligible cases and controls in the UCP study were then contacted to participate through their community pharmacies. If they agreed, they were asked to return a filled-in questionnaire and informed consent (Appendix S1). Information on height, weight, history of coronary artery diseases and stroke, alcohol consumption, smoking habits and physical activity, and familial history of AMI and stroke was collected. In the questionnaire, information was collected using both closed and open-ended questions. Closed questions (yes/ no) were used for the status of hypertension, hypercholesterolaemia and other comorbidities, and open-ended questions for the type of drugs. Participants were asked to list drugs they used as either branded or generic names. We then grouped branded drugs and their generic ones to the substance names. We excluded patients with a discrepancy in age or sex between The Dutch PHARMO Database Network and filled-in questionnaires, or who had had a previous AMI. The Medical Ethics Committee of the University Medical Center Utrecht, The Netherlands, has approved this study and written informed consent was obtained from participants.
| Outcome
Cases included patients with a hospital discharge diagnosis as first AMI according to the International Code for Diseases (ICD-9 code 410) during the period August 1986-December 2005. AMI diagnosis in the Dutch PHARMO Database Network has high sensitivity and positive predictive values by 84% and 97%, respectively. 11 The date of a patient hospitalized with first AMI was the index date. Controls were patients without AMI before and at the index date. They should be active in the database at the index date. One case was matched to up to 13 controls on sex and age (±1 year) at the index date.
| Exposure definition
Based on pharmacy records, cases and controls were classified as current NSAID users if the index date fell between the dispensing date of last NSAIDs and its theoretical end-date. The end-date was determined from the dispensing date plus the total duration of NSAID use (days), that is, the total numbers of drug dispensed divided by the frequency of NSAID use per day. We considered current use as the closest exposure to the index date for those who switched medications from conventional NSAIDs to selective COX-2 inhibitors, or vice versa. Those who were not current NSAID users, but dispensed any NSAIDs before the index date, were defined as past users. Non-users were those who were not dispensed any NSAIDs before and at the index date.
Based on patient's questionnaire, NSAID use was defined as any NSAIDs taken within 2 months before the index date from both pharmacy dispensing and OTC medications, whereas non-users were defined as those who were not taking any NSAIDs within this period. This period is considered a maximum duration for patients to recall information accurately. Information on NSAID use from patient's reports was also integrated into pharmacy records to analyse the risk of AMI. Since we had no information about NSAID use more than 2 months prior to the AMI event from self-reported questionnaire data, and also to minimize recall bias, we excluded past users of NSAIDs from the analyses. Those who were dispensed or used selective COX-2 inhibitors and conventional NSAIDs concomitantly were also excluded. Probably, the patients who had an overlap in the dispensing of selective COX-2 inhibitors and conventional NSAIDs, in reality, did not use both drugs together but switched from one to the other. Unfortunately, it is not clear when a switch took place.
NSAIDs were defined according to The Anatomical Therapeutic Classification (ATC), including selective COX-2 inhibitors (M01AH) and conventional NSAIDs (M01AA, M01AB, M01AC, M01AE, M01AG and M01AX01).
| Potential confounders
We considered several potential risk factors for CV diseases to evaluate the risk of AMI for NSAID use. From pharmacy records, we included CV drug use within 3 months before the index date including diuretics, beta-blockers, calcium channel blockers, ACE inhibitors, ARB, antithrombotic agents (vitamin K antagonists and platelet aggregation inhibitors), cholesterol-lowering drugs and anti-diabetic agents (including insulin). A history of angina was defined as a dispensing of at least two prescriptions of nitrates within the year before the index date as validated in our previous study. 12 Since patients with angina are not automatically hospitalized, and nitrates are almost exclusively given for coronary artery diseases, the dispensing of nitrates was then used as a proxy of a diagnosis of stable angina pectoris. A history of ischaemic heart diseases and stroke was defined from the hospital discharge registries (ICD-9 430-436, except for 435) before the index date. From the questionnaire, we considered height, weight, medication use, lifestyle factors and history of CV diseases. Ideally, these variables collected from the questionnaires are assessed at the initiation of exposure. Since questionnaires did not accommodate this assessment, this information is considered as a proxy for the actual variable status at the time of exposure.
| Data analyses
Characteristics of cases and controls were compared using a t test or a chi-square test for continuous variables and categorical variables, respectively. Since we excluded past use and concomitant use of conventional NSAIDs or selective COX-2 inhibitors, the original matching between cases and controls was lost. Therefore, we applied an unconditional logistic regression analysis to estimate the crude and adjusted odds ratios (ORs) of AMI. In all analyses, we adjusted for matching factors. We used two different sources of exposure: first from pharmacy records only and second from pharmacy records complemented with patient's reports.
We applied multiple adjustment methods to assess the ORs.
Initially, the ORs were determined without adjustment (crude). We then adjusted for potential confounders collected from pharmacy records. We then additionally adjusted for BMI, lifestyle factors and history of CV diseases from patient's reports. Finally, the latter adjustment method was repeated, but information on co-medications and history of CV diseases from patient's reports was added to such information from pharmacy records. These statistical models were presented in Appendix S2. Missing values were handled by multiple imputation methods with fully conditional specification using five sets of the data set. In this iterative method, all other available variables in the model are used as predictors. We also evaluated the interaction of the exposures to age and sex as a function of the synergy index (SI). This SI measures whether the effect of this interaction exceeds the product of the individual effects of the two exposures. The interaction is positive if the SI > 1 and negative if the SI < 1. The precision of the interaction is determined by a 95% CI of SI. This interaction term was assessed only for the total study population because of the small sample size for participants who returned the questionnaires. All statistical analyses were performed by statistical software IBM SPSS version 25, and the significance threshold was 5%.
| RE SULTS
| Characteristics of the study population
A total of 45 981 eligible patients were identified in the Dutch PHARMO Database Network for UCP study including 4843 AMI cases and 41 138 non-cases. The median number of controls per case was 11. Of cases, 2372 patients were dispensed anti-hypertensive drugs, 1302 patients had hypercholesterolaemia, and other 1169 patients had both. We excluded 5797 patients (12.61%) as either they were concomitant or past users of selective COX-2 inhibitors or conventional NSAIDs leaving 4106 cases and 36 078 controls. Compared to controls, cases were slightly older (66.6 years old vs 66.0 years old) and more likely to be male (66.2% vs 62.8%). In general, cases were unlikely to take CV drugs, but more likely to take insulin and to have a history of angina.
Of the total population, 4536 patients (9.9%) returned the questionnaire, consisting of 23.7% and 8.2% for cases and controls, respectively. We excluded 115 concomitant or 477 past users of conventional NSAIDs or selective COX-2 inhibitors leaving 970 cases and 2974 controls ( Figure 1 ). Compared to controls, cases were older (63.7 years old vs 63.3 years old), more likely to be male (74.5% vs 74.3%) and to have a history of CV diseases, but unlikely to take CV and anti-diabetic agents. No significant differences were found between cases and controls with regard to BMI, lifestyle factors and familial history of CV diseases. Missing values were found for BMI, lifestyle factors and a history of CV diseases. The highest proportion of missing values was found for alcohol use by 18.6% and 17.5% for cases and controls, respectively.
For cases who returned the questionnaire, the mean age was lower, but the proportion of males was higher compared to cases regardless of the completion of the questionnaire. They were less likely to be exposed to cardiovascular and anti-diabetic agents or to have a history of cardiovascular diseases (Table 1) . According to pharmacy record data, cases who returned the questionnaire were more likely to take CV drugs, but unlikely to take anti-diabetic agents or to have a history of CV diseases compared to patient's reports (Appendix S3).
| Risks of AMI and the impact of additional confounding control for variables
For patients regardless of completion of the questionnaire, selective COX-2 inhibitors increased the risk of AMI by 38% (adjusted OR 1.38, 95% CI: 1.08-1.77) compared to non-use after adjustment for potential confounders from pharmacy records. In contrast, conventional NSAIDs did not increase the risk (adjusted OR 0.98, 95% CI: 0.90-1.07). Additional adjustment for potential confounders collected from patient's report did not change the risk for both selective COX-2 inhibitors and conventional NSAIDs compared to non-use (Table 2) .
However, when the analyses were performed among those who returned the questionnaire with information on NSAID use was retrieved from pharmacy records, the estimated risks changed.
Neither selective COX-2 inhibitors nor conventional NSAIDs increased the risk of AMI (adjusted OR 1.00, 95% CI: 0.46-2.17 and adjusted OR 0.81, 95% CI: 0.66-1.00), respectively, compared to non-use after adjustment for potential confounders from pharmacy records. These estimated risks did not change after additional adjustment for potential confounders collected from patient's reports nor incorporating information on co-medications and history of CV diseases from patient's reports to pharmacy records. Incorporating information on the exposures from patient's reports into pharmacy records did not seem to change the ORs for any of the adjusted models. Interestingly, the AMI risk for selective COX-2 inhibitors collected from the pharmacy records and the questionnaire decreased from OR 1.08 (95% CI; 0.53-2.22) to OR 0.74, (95% CI; 0.31-1.74) after incorporating information on co-medications and history of CV diseases from patient's report to pharmacy records (Table 3 ).
| Effect modification
In all patients regardless of completion of the questionnaire, selective COX-2 inhibitors were associated with a higher risk for the elderly (≥65 years old) but a similar risk of AMI for adults (18-64 years old). In contrast, conventional NSAIDs were associated with lower risk compared to non-use for adults, but a similar risk for the elderly.
Selective COX-2 inhibitors were also associated with a higher risk compared to non-use for females, but a similar risk for males. The similar risk was found for both sex dispensed conventional NSAIDs.
The interaction between age and conventional NSAIDs was statistically significant, but not between age and selective COX-2 inhibitors nor between sex and either selective COX-2 inhibitors and conventional NSAIDs. Additional adjustment for potential confounders collected from patient's reports did not change the ORs in each subgroup for both selective COX-2 inhibitors and conventional NSAIDs (Tables 4 and 5 ).
| D ISCUSS I ON
Our results showed that for all participants regardless of the completeness of questionnaire, selective COX-2 inhibitors, but not conventional NSAIDs, increased the risk of AMI after adjustment for potential confounders collected from pharmacy records. Our findings supported previous systematic reviews of clinical trials and observational studies. 1,2,4 However, among patients who returned the questionnaire, both selective COX-2 inhibitors and conventional NSAIDs were not associated with an increased risk. The issue of selection bias might explain these findings. Of those who returned the questionnaire, cases were more likely to participate than controls (23.7% vs 8.2%). Our study also found that additional adjustment for potential confounders or additional information on NSAID use collected from patient's reports did not change the risk estimates for either all patients regardless the completeness of questionnaire or patients who returned the questionnaire. These results may be explained by the fact that these confounders might be relatively minor for this association or are already adjusted by proxy (captured by recorded information), or inaccurate measurement of confounders. 13 The latter explanation is unlikely as we previously demonstrated that several lifestyle factors that were measured in our study were associated with the risk of AMI. 14 controls. However, the AMI risk for selective COX-2 inhibitors collected from the pharmacy records and the questionnaire decreased after incorporating information on co-medications and history of CV diseases from patient's report to pharmacy records. A potential explanation might be the discrepancies between information collected from pharmacy records and patient's report, especially patients reported to have a history of coronary artery diseases more than three times higher than derived from pharmacy records (85.7% vs 28.3%).
F I G U R E 1 Flow chart of study
Utilizing an electronic health database for conducting pharmacoepidemiological studies has advantages. As data collected routinely, prospectively are not linked to specific research questions, recall bias is minimal. When direct information about comorbidities is not available, information on drug use might be applied as a proxy. 18, 19 Nevertheless, this database has several limitations.
For instance, the actual drug use is not ascertained in pharmacy dispensing records. Thus, medication use might be overestimated (if patients do not take or stop the medications) or underestimated (if OTC drug use is not recorded). Likewise, significant risk factors for CV events, often, are not routinely recorded. 20, 21 Incorporating patient's reports on information that is not routinely available in electronic databases can increase the accuracy in the risk estimate. Nevertheless, this data source is subject to limitations. A significant limitation of patient's reports is an issue of recall bias. A low concordance between information collected from pharmacy records and patient's reports was found in our study, as well as other studies. [22] [23] [24] The gap between the event occurred and the time to recall partly affected the patient's ability to recall information. The later the event they recall, unlikely the valid the information is. 25 Patients might also conceal information because of social or medical desirability. 26 Missing values on important risk factors such as alcohol use might lead to under-or overestimated risks as alcohol was significantly associated with CV events. 27 Thus, self-reporting data are not recommended as a single instrument to collect information. 23, 26 
| Strengths and limitations
We identified several strengths. First, we minimized an exposure misclassification as NSAIDs were stratified into selective COX-2 inhibitors and conventional NSAIDs, and OTC NSAID use was considered. Second, we reduced the unmeasured confounding effect by including important potential confounders that are not available in the Dutch PHARMO Database Network. Lastly, the diagnosis of AMI in this database has high sensitivity and positive predictive values. 11 Nevertheless, this study has some limitations. First, an issue of selection bias is our primary concern. Some characteristics of the total population are different from those who returned the questionnaire.
We did not include patients who were naïve of using anti-hypertensive drugs or of having hypercholesterolaemia or those who had died TA B L E 4 Odds ratios for acute myocardial infarction among total participants regardless of the completion of the questionnaire in pharmacy records exposed to NSAIDs stratified by age because of complication from first AMI. Hence, extrapolation of our findings to patients with first AMI without hypertension and/or hypercholesterolaemia is not easily possible. Our previous study demonstrated that some characteristics of responders were also different from non-responders. Females were less likely to participate, as well as the elderly. However, no differences were found for anti-hypertensive drug use and history of cardiovascular diseases. 28 Second, recall bias may be an issue because we found discrepancies on information collected from patient's reports and pharmacy records. Information bias due to recall bias might cause a differential misclassification.
Misclassification of confounders may lead to residual confounding.
Third, we might overestimate NSAID use. All dispensing NSAIDs were considered a regular use medication. Likewise, the survey did not assess the frequency of NSAID use. Hence, it did not allow us to distinguish between incidental and regular use. Forth, we had a small sample size that led to insufficient power to detect a relatively weak association between NSAIDs and AMI. Finally, we did not consider the dosage of NSAID use. A recent meta-analysis showed that the dosages of NSAIDs modified the risk of AMI. 29 
| WHAT IS NE W AND CON CLUS I ON
Additional adjustment for potential confounders collected from patient's reports and complementing information of pharmacy records on NSAID use with patient's report did not affect the risk estimate of AMI for either selective COX-2 inhibitors or conventional NSAIDs.
Additional information collected from patient's reports, including information about OTC NSAID use, apparently did not give an added value for the study on the association between NSAIDs and the risk of AMI. Our findings indicated that pharmacy record data might be used as a single data source to obtain valid estimated risks.
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